The characteristics of stimulated globular scattering such as the frequency shift, threshold, and conversion efficiency are studied in photonic crystals (synthetic opal matrices and opal nanocomposites) at different temperatures. The results are compared with the study of stimulated Raman scattering in calcite single crystals. In both cases, a decrease in temperature from +20 • C to −196 • C resulted in an increase in the energy of stimulated scattering energy and its redistribution into the higher-order components.
Introduction
The study of nonlinear optical effects is very important, since one can get information on the material structure and light interaction with different media; also they open up a wide field of applications. There are many methods of light-signal processing, industrial-production control, environment monitoring, and others based on nonlinear effects, in particular, nonlinear optical effects in crystals. Recently a number of new crystals have been created for efficient applications in lasers and nonlinear optical devices; among them are barium nitrate Ba(NO 3 ) 2 , barium tungstate BaWO 4 , potassium gadolinium tungstate KGd(WO 4 ) 2 (or KGW), potassium yttrium tungstate KY(WO 4 ) 2 (or KYW), and potassium ytterbium tungstate KYb(WO 4 ) 2 (or KYbW). These crystals are considered as rather promising materials for Raman lasers based on the stimulated Raman scattering of light; some of them are widely used as laser host materials [1] [2] [3] [4] .
Nowadays, a new kind of nonlinear materials (photonic crystals) is intensively studied because of the unique properties of photonic crystals, which can give rise to a new class of optoelectronic devices [5] [6] [7] . Nano-electronics and nano-optics become very important for the development of new technologies. However, the investigation of nonlinear optical properties of nanomaterials started very recently. So far there is no detailed information on this subject.
Among 3D photonic crystals, a very important one is the globular photonic crystal built of globules (balls) with a diameter that may be comparable with the visible-light wavelength. In nature, such crystals exist as a mineral called opal, which consists of quartz nanospheres. The space between the spheres (or globules) is filled with different inorganic materials. Recently the technology of synthetic-opal production has been developed [8] [9] [10] . Such opals have a 3D periodic structure and are built of ordered close-packed quartz globules with a diameter of 200-600 nm, forming a 3D face-centered cubic lattice.
Since the refractive-index contrast (ratio of refraction indices of SiO 2 and air n = n SiO 2 /n air ) in opal is n ∼ 1.45, a complete photonic band gap in such a structure does not exist but the photonic pseudogap takes place. Empty cavities between these globules have octahedral and tetrahedral form. It is possible to investigate both initial opals (opal matrices) and nanocomposites in which the cavities are filled with organic or inorganic materials, for instance, semiconductors, superconductors, ferromagnetic substances, and dielectrics displaying different types of nonlinearity.
In the case of different kinds of molecular liquids infiltrating the opal crystals, some types of stimulated scattering of light can be observed, namely, stimulated Raman scattering (SRS), stimulated Brillouin scattering (SBS), and others. Some peculiarities of the spontaneous Raman scattering in photonic crystals were described in [11] and the spontaneous Brillouin scattering in such structures was also observed in [12] . Recently we discovered very interesting nonlinear effects arising in photonic crystals (synthetic opals) under excitation with giant pulses of ruby laser: stimulated scattering in synthetic opals and opal nanocomposites (the so-called stimulated globular scattering (SGS) [13] ) and a new nonlinear effect (the photonic flame effect (PFE) [14] ). The SGS effect consists in the appearance of one or two Stokes components shifted from the frequency of pumping light on 0.4 -0.6 cm −1 . In the PFE case, we observed a long-time radiation (with a temporal duration of a few seconds) in the blue-green spectral range upon excitation with a photonic crystal with a 20 ns ruby laser pulse. The luminescence could appear with some time delay in other opal crystals spatially separated from the crystal illuminated by the laser light.
Many nonlinear effects are known to change substantially their properties at low temperatures. For instance, the conversion efficiency of the pumping light at the SRS increases with the temperature decrease; self-focusing and other characteristics strongly depend on the material temperature. The PFE was observed only at the liquid-nitrogen temperature. That is why, in order to clarify these effects, we study the temperature dependences of the SGS and compare them with the temperature dependences of the SRS in the calcite crystals. The results of this study are presented below (preliminary results are published in [15] .
Experimental
Ruby-laser giant pulses (λ = 694.3 nm, τ = 20 ns, E max = 0.3 J) were used to excite the nonlinear optical effects in photonic crystals and calcite. The pumping light was focused onto the material by lenses with different focal lengths (50, 90, and 150 mm) . The distance between the sample and the focusing system as well as the energy of pumping light were also changed. It allowed us to vary the power density at the entrance of the sample facet and the field distribution inside the sample. The experiments were performed at different energies and different geometry, and for different sample temperatures.
Fabry-Pérot interferometers were used for the SGS spectral-structure investigations; the dispersion range was changed from 0.42 to 1.67 cm −1 . The samples of opal crystals used had a size of 3×5×5 mm and were cut parallel to the plane (111). The incidence angle of the laser beam with respect to the plane (111) was varied from 0 to 60 • . Opal crystals consisting of close-packed amorphous spheres with a diameter of 200 nm and nanocomposites (opal crystals with voids filled with acetone or ethanol) were studied. The experimental results did not depend on the incidence angle of the laser beam. It should
